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[57] ABSTRACT

A strip-shaped fusible member is disposed in a slit
formed in an electrically insulating member to be not
greater than 1 mm in width. Further a granulated elec-
trically insulating material may be charged around the
electrically insulating member within an enclosed hous-

‘ing. Alternatively, a plurality of electrically insulating

members may alternate in intimate contact relationship
fusible member to form a stack. Each fusible member is
connected at both ends to two terminal blocks located
on the opposite sides of the stack on those portions
higher in level than that portion thereof sandwiched
between the insulating members while its end portions
are slackened.

11 Claims, 25 Drawing Figures
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4,263,574

1 .
SLIT TYPE CURRENT LIMITING FUSE

BACKGROUND OF THE INVENTION

This invention relates to a current limiting fuse, and
more particularly to a slit type current limiting fuse for
limiting an overcurrent by having a fusible member
disposed in a slit formed in an electrically insulating
member or between electrically insulating members to
cool an electric arc struck upon the blowout of the
fusible member and also to prevent the electric arc from
scattering and increasing in cross sectional area thereby
to ensure a sufficiently high arc voltage.
~ Current limiting fuses are frequently employed for
~ the purpose of protecting a wide variety of electrical
equipments and lately have been popular as protective
means for ebullition cooled semiconductor devices.

Conventional current limiting fuses have generally
-comprised the fusible member disposed within an arc-

. extinguishing material such as silica sand and have been
. operated to limit and interrupt the particular overcur-

rent by blowing out the fusible member with the over-
current and extinguishing an electric arc struck simulta-
neously with the blowout of the fusible member as a
result of the electric arc scattering into and cooling by
the arc-extinguishing material. With the arc-extinguish-

ing material formed of silica sand, the same is granu- -

lated and therefore porous as a whole. In other words,

- the granulated arc-extinguishing material includes a

multitude of minute interstices formed among granules
thereof. Accordingly, an electric arc struck upon.limit-
ing the particular overcurrent is permitted to scatter
‘into the interstices in the arc-extinguishing material to
Increase in cross sectional area thereof. This increases in
cross sectional area of the arc suppresses a rise of an
electric voltage with the result that the result that the
excellent current limiting performance-can not be ob-
tained. o | |

In order to improve the current limiting perfor-
mance, it has been already proposed to lengthen the
- fusible member. However, since the fusible member is
surrounded by the sand-shaped arc-extinguishing mate-
rial which is not very good in thermal conduction, the
resulting current limiting fuse has exhibited its own
thermal resistance which is greatly affected by a ther-
mal resistance of a mating fusible member. Accord-
ingly, if the fusible member is lengthened then current
limiting fuses per se have increased not only in volume
but also in thermal resistance. This increase in thermal
resistance has imposed a limitation upon the current
capacity of current limiting fuses.

Also sand-shaped arc-extinguishing materials are

fused with the electric arc struck upon limiting and

interrupting an overcurrent to form fusion products. If
a plurality of fusible members are disposed close to one
another then fusion products built up around each of the
fusible members are overlapped or superposed on those
built up around the adjacent member. Thus electric arcs
- cannot be sufficiently cooled, resulting in a decrease in
current limiting and interrupting performance. For this
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reason, conventional current limiting fuses have been

required to include the arc-extinguishing chamber hav-
ing a volume large enough to provide the satisfactory
current limiting and interrupting capability even upon a

built up of fusion products attendant upon an increase in

cross sectional area of the electric arc. This has resulted
in the disadvantage that current limiting fuses per se
become large-sized. In addition, the current limiting and
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interrupting performance changes greatly with a filling
rate of an arc-extinguishing material involved resulting
in the necessity of controlling strictly the filling rate.
In order to solve such problems as above described,
there have been recently developed current limiting
tuses of the type comprising a solid electrically insulat-
ing member having a slit formed therein and a fusible
member disposed within the slit to cause a flow of cur-
rent therethrough. For example, Japanese patent publi-
cation No. 45782/1976 discloses and claims a current
limiting fuse characterized by a band-shaped flat fusible
member put in intimate contact relationship between
plate-shaped high heat conductivity, arc-resisting, elec-
trically insulating members from both surfaces thereof,
said insulating members extending in a direction orthog-
onal to said fusible member, and a current limiting and
interrupting slit formed by interposing the electrically
insulating material between peripheral edge portions of
said plate-shaped insulating members except for por-
tions thereof intimately contacted by said fusible mem-
ber. In current limiting fuses of the type referred to, an
abnormal current flows through the fusible member to
blow it out thereby to strike an electric arc. Under these
circumstances, the electric arc is cooled by the solid
electrically insulating members surrounding the same
while a cross sectional area thereof is scarcely increased

because the electric arc is confined in the slit having a

- volume defined by the surrounding electrically insulat-

ing members. As a result, a corresponding arc voltage
exhibits a high rate of rise and also reaches a high mag-
nitude resulting in the excellent current limiting charac-
teristic. Even for the current limiting fuse of the cited
Japanese patent publication, however, the current limit-
ing characteristic has not always been satisfactory be-
cause a slit width is not considered. Also problems have
been left unsolved as to how current limiting fuses of
the type referred to are constructed to withstand:high
voltages and have high current capacities which has
been seriously taken in recent years. |

Further, in conventional slit type current limiting
fuses comprising the fusible element and the slit for
housing the latter both being partly or entirely exposed
to the ambient atmosphere, various problems have been
encountered in that shock sound is generated upon the
blowout of the fusible member, high temperature arced
gases contaminate adjacent components, a shortcircuit
occurs across electrically charged parts adjacent to
each other and so on. In order to solve the problems
concerning the shock sound, contamination, shortcir-
cuit etc., it has been devised to enclose and seal both the

fusible member and the slit for housing the latter within

a fuse box having a hermetic structure. This measure
has sometimes put the interior of the fuse box under a
high pressure which requires in may cases to construct
the fuse box to withstand mechanically high pressures
and particularly for the high current capacity type.

In addition, repeated flows of current through the
conventional type of current limiting fuses have gener-
ally caused the fusible member to be subjected to re-
peated thermal stresses because it is repeatedly and
alternately expanded and contracted due to the heat
cycles thereof. This might result in the occurrence of an
abnormal disconnection fault. In order to avoid such a
fault, conventional current limiting fuses have been
constructed so that the thermal stresses as above de-
scribed are absorbed by forming the fusible member
Into a spiral or a zigzag. The excessive bending of the
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fusible member has resulted in the disadvantage that a
decrease in reliability follows. This is not desirable.
Accordingly, it is an object of the present invention
to provide a new and improved slit type current limiting
fuse having the current limiting characteristic more
excellent than that previously obtained by increasing
sufficiently an arc voltage and an arc resistance of an

electric arc struck upon the blowout of a fusible mem-
ber involved. | |

SUMMARY OF THE INVENTION

The present invention provides a slit type current
limiting fuse comprising a solid electrically insulating

10

member, a slit formed of the solid electrically insulating

member and having a width of not greater than 1 milli-
meter, and a fusible member disposed within the slit to
be responsive to a flow of overcurrent therethrough to
be blown out.

In order to increase a current capacity and decrease a
thermal resistance, the slit type current limiting fuse
may comprise a plurality of solid electrically insulating
members stacked on one another, a plurality of slits
formed in superposed relationship of the solid electri-
cally insulating members, and a fusible member dis-
posed within each of the slits to be responsive to a flow
of overcurrent therethrough to be blown out, all the
fusible members being electrically interconnected in
parallel circuit relationship. By this construction the
current interrupting performance can be surely exhib-
ited for overcurrents on the order of, for example, from
one and one half to a few times a rated current.

In order to limit and interrupt currents at high volt-
ages or high currents at high voltages, the slit type
current limiting fuse may comprise a plurality of solid
electrically insulating members stacked on one another
to form a plurality of slits therebetween, and a fusible
member disposed within each: of the slits, all the fusible
members being electrically interconnected in series or
series-paraliel circuit relationship.

In order to solve the problems concerning shock
sound generated upon the blowout of a fusible member,
the blowoff of high temperature etc., the slit type cur-
rent limiting fuse may comprise a hermetic housing for
disposing partly or entirely a slit formed in a solid elec-
trically insulating member therein, and a fusible member
disposed in the slit.

- In order to prevent an electric arc struck upon the
blowout of a fusible member from excessively increas-
ing in both pressure and temperature, the slit type cur-
rent imiting fuse may consist of a solid electrically
insulating member for forming a slit, a fuse element
disposed within the slit, and a fuse cylinder for accom-
modating the electrically insulating member wherein an
amount of a granulated electrically insulating member
fills a space formed between the solid electrically insu-
lating member and the fuse cylinder.

In order to alleviate an excessive increase in pressure
within a slit, the slit type current limiting fuse may
comprise a solid electrically insulating member, a slit
formed of the solid electrically insulating member to be
hermetically isolated from the atmosphere, a fusible
member disposed within the slit, and a space disposed in
‘the solid electrically insulating member to communicate
with the slit.

Further the slit type current limiting fuse may com-
prise a solid arc-extinguishing electrically insulating
member, a fusible member disposed within the slit, and
a pair of electrodes connected to the fusible member
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4 .
wherein a surface including the slit is arranged not to be
flush or in line with a surface including the connection
of the electrode to the fusible member. The slit type
current limiting fuse as above described, can reduce
thermal stresses developed on the fusible member dur-
ing the heat cycle thereof to prevent the occurrence of

~ a disconnection fault on the fusible member thereby to

improve the reliability.
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more readily ap-
parent from the following detailed description taken in
conjunction with the aceompanymg drawrngs in which:
FIG. 1 1s a perspective view, partly in cross section, of
one embodiment according to the slit type current limit-
ing fuse of the present invention with parts cut away for
the purpose of illustrating the internal structure;

FIGS. 2 through 4 are perspective views of different
fusible members which may be used in the arrangement

_shown in FIG. 1;

FIG. § is a graph illustrating the relationship between
a width of the slit shown in FIG. 1 and a potential
gradient for an electric arc struck in the slit;

FIG. 6 is a view similar to FIG. 1 but illustrating a
modification of the present invention
- FIGS. 7 through 9 are perSpective views of different
fusible members which may be used in the arrangement
shown in FIG. 6;

FIG. 10 is a view similar to FIG. 1 but illustrating a
modification of the arrangement shown in FIG. 1;

FIG. 11 1s a view similar to FIG. 1 but illustrating a
modification of the arrangement shown in FIG. 6;

FI1G. 12 is a cross sectional view of another modifica-
tion of the present 1nvent10n with parts 1llustrated in
elevation;

FIG. 13 is a schematic fragmental elevational view in
an enlarged scale useful in explaining mechanical forces
developed in the arrangement shown in FIG. 12 with
parts omitted; |

FIG. 14 is a view similar to FIG 12 but 1llustrat1ng a
modification of the arrangement shown in FIG. 12;

FIG. 15 1s a view similar to FIG. 12 but illustrating
another modification of the arrangement shown in FIG
12;

FIG. 16 is a view srnnlar to FIG. 12 but 111ustrat1ng a
modification of the arrangement shown in FIG. 15;

FIG. 17 is a sectional view of still another mediﬁca-
tion of the present invention;

FIG. 18 is another sectional view as taken along the
line XVIII—XVIII of FIG. 17;

FIG. 19 is a plan view of the essential part of a differ-
ent modification of the present invention;

FIG. 20 is a sectional view as taken along the line
XX—XX of FIG. 19;

FIG. 21 is a view similar to FIG. 19 but illustrating a

modification of the arrangement shown in FIGS. 19 and
20;

FIG. 22 is a sectional view as taken along the line

XXITI—XXII of FIG. 21;

FIG. 23 is a view similar to FIG. 1 but illustrating
another modification of the arrangement shown in FIG.
1; | |

FI1G. 24 is a fragmental sectional view of the essential
part of a separate modification of the present invention

with parts cut away and illustrated in elevation; and

FIG. 25 1s a view similar to FIG. 24 but illustrating a
modification of the arrangement shown in FIG. 24.
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Throughout the figures like reference numerals desig- h

nate the i1dentical or corresponding components.

DESCRIPTION OF THE PREFERRED
"~ EMBODIMENTS

Referring now to FIG. 1 of the drawings, there is
illustrated a slit type current limiting fuse according to
the present invention. The arrangement illustrated com-
pnses a pair of solid electrically lnsulatmg members 10
in the form of rectangular flat pieces 10¢ and 105
formed of a porcelain material and superposed on each
other to form a rectangular slit 12 therebetween by
having rectangular recesses of the same shape disposed
on the opposite surfaces thereof. Then a fusible member
14 is disposed within the slit 12 to be spaced away from
bottoms of both.recesses by predetermined equal dis-

tances and electrically connected at the opposite ends to

6

12 shown in FIG. 1 and a potential gradient for an

electric arc struck upon blowing out the fusible member

14. From FIG. 5 it is seen that the smaller the width W

of the slit 12 the greater the potential gradient will be

and that the potential gradient is abruptly raised with a
decrease in slit width after the width has been approxi-
mately equal to 1 millimeter. That is, the effect of the
slit 12 is initiated to be distinctively exhibited with the

~ slit width of about 1 millimeter. Therefore, it is apparent

10

15

a pair of metallic terminals 16 and 18 of rectangular

cross section fitted into openings formed on opposite
end portions of the superposed plates 10¢ and 1056 to

20

extend lengthwise of the slit 12 and be complementary a

in shape to the terminals 16 and 18.

The electrically insulating members 10 or flat plates
102 and 105 and the terminals 16 and 18 are connected
together into a unitary structure by a bolt 20 extending
through-aligned holes disposed in either of the opposite

end portions of the flat plates 10a and 1056 and a hole .

extending through the mating terminal 16 or 18 to be
aligned with the aligned holes in the flat plates 10¢ and
10b and a fastening nut 22 screw threaded onto the bolt
20 to engage the lower flat plate 105 as viewed in FIG.
1. | |
It has been found that the slit 12 has a width W (see
FIG. 1) of 1 millimeter or less with a satisfactory result.

The fusible member 14 is in the form of a flat strip as
shown in FIG. 2. In order to select properly the peak
- value of a limited current, the fusible member 14 may
include one portion having the effective cross sectional
area reduced as by forming a plurality of spaced holes
aligned widthwise thereof such as shown by the refer- 40

25

30

35

that, by making the width W of the slit 12 equal to or
less than 1 millimeter, the arrangement of FIG. 1 has the
current limiting characteristic which is excellent as

'cornpared with the slit type current limiting fuse dis-

closed in the cited Japanese patent publication No.
45782/1976.

It is also seen in FIG. 5 that the potential gradient lies
in a domain defined by an upper and a lower curve. This
is because the potential gradient has different magni-
tudes dependent upon properties of a material forming
the solid insulating member 10 even with the slit width -
remaining unchanged. |

Since the arrangement of FIG. 1 is of an enclosed

structure in the sense as above described, shock sound

generated upon the blowout of the fusible member 14 is
prevented from propagating in the exterior of the ar-
rangement and also high temperature arc can be, to the
utmost, prevented from blowing off in the exterior of
the arrangement. This blowoff of the high temperature
arc may result in a fear that the resulting gases contami-
nate equipments disposed adjacent to the arrangement
of FIG. 1 or that a shortcircuit occurs across charged
parts disposed adjacent thereto.

Referring now to FIG. 6, there is illustrated a  modifi-
cation of the present invention formed into a circularly
cylindrical structure. In the arrangement illustrated the

-solid electrically insulating member in the form of a

solid circular cylinder 10a is inserted into the solid elec-
trically insulating member in the form of a hollow circu-

- lar cylinder 106 to form an annular gap or slit 12 there-

ence numeral 14a in FIG. 3 or by forming a pair of

substantially opposite V-shaped notches on both edges

thereof such as shown by the reférence numerals 14b in

FIG. 4.

- In FIG. 1 it is noted that the slit 12 and the fusible
member 14 are hermetically isolated from the atmo-
sphere by the electrically insulating solid members 10
connected into the unitary structure. In other words,
the superposed solid insulating members 10 -along with
the terminals 16 and 18 form an enclosed housing for
both the slit 12 and the fusible member 14.

If an abnormal current flows from one to the other of
the terminals 16 and 18 due to a fault such as a shortcir-
cuit occurring in an associated electric circuit (not
shown) then the fusible member 14 is heated until it is
blown out to strike an electric arc. This electric arc has
its cross sectional area limited by the slit 12 while being

cooled because heat from the arc is rapidly conducted

to the solid electrically insulating members 10 and
evolves vapors. As a result, a corresponding arc voltage
is greatly increased until the abnormal current is limited
and interrupted.

In general, the higher the arc voltage the more excel-
lent the current limiting performance of fuses will be.
As one of the criteria for the current limiting perfor-
mance of fuses, one can employ a potential gradient for
the electric arc struck upon their blowout. FIG. 5
shows the relationship between the width W of the slit

45

50
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60
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40 between, and the fusible member 14 in the form of a
hollow circular cylinder such as shown in FIG. 7 is
disposed within the annular slit 12 to be spaced and
equidistant from the opposite cylindrical surfaces of
both electrically insulating members 10z and 105. The
fusible member 14 is electrically connected at one end
to a circularly cylindrical terminal 16 rigidly secured to
one end of the insulating member 10g and at the other
end to another circularly cylindrical terminal 18 rigidly
connected to that end of the electrically insulating
member 106 remote from the terminal 16. The terminal
18 also abuts against the electrically insulating member
102 and the terminal 16 is provided on that end portion
thereof connected to the electrically insulating member
10a with a radially outward directed flange which is, in
turn, suitably buried in the adjacent end portion of the
insulating member 105 thereby to maintain both electri-
cally insulating members 10z and 1056 and the fusible
member 14 in a unitary structure.

As m the arrangement of FIG. 1, the circularly cylin-
drical members 104 and 1056 form an enclosed housing
for both the annular gap 12 and the fusible member 14
with the terminals 16 and 18.

From the comparison of the arrangement of FIG. 6
with that shown in FIG. 1 it is apparent that the slit
width W as above described in conjunction with FIG. 1
corresponds to a radial width of the annular slit 12 as
shown in FIG. 6. Therefore that radial width is also
designated by the reference character W as shown in
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FIG. 6 and should be of 1 millimeter or less as above
described in conjunction with FIGS. 1 and 5.

In order to select properly the peak value of a limited
current, the cylindrical fusible member 14 may include
a circumferential array of holes extending at predeter-

mined angular intervals therethrough such as shown by

the reference numeral 14a in FIG. 8. Alternatively, the

cylindrical fusible member 14 may include a circumfer-
ential groove 14b as shown in FIG. 9.
The arrangement illustrated in FIG. 10 is different

from that shown in FIG. 1 only in that in FIG. 10 a
plurality of slits 12 are superposed at predetermined
equal intervals on one another in the direction of the

10

width thereof anda plurality of fusible members 14 one -

for each slit 12 are electrically connected at both ends to
a pair of terminals 16 and 18 respectively to be put in
parallel circuit relationship with one another.

The arrangement illustrated in FIG. 11 is different
from that shown in FIG. 6 only in that in FIG. 11, a
plurality of circularly cylindrical fusible members 14
are disposed coaxially at predetermined equal radial
intervals and electrically connected at both ends to a
pair of terminals 16 and 18 respectively. To this end, a
plurality of intermediate electrically insulating members
10¢ in the form of hollow circular cylinders are coaxi-
ally disposed between the innermost and outermost
electrically insulating members 10z and 106 respec-
tively to form between the adjacent members a plurality
of annular slits 12 having both ends closed with the
terminals 16 and 18 respectively.

The arrangements shown in FIGS. 10 and 11 are
advantageous over those illustrated in FIGS. 1 and 6 in
the following respect. It is assumed that the sum of the
cross sectional areas of the fusible members 14 shown in
FIG. 10 or 11 is equal to the cross sectional area of a
single fusible member 14 such as shown in FIG. 1 or 6.
In the assumed condition, the use of a plurality of paral-
lel fusible members enables the device to limit and inter-
rupt a relatively low overcurrent on the order of from
one and one half to a few times a rating current with
high reliability as compared with the use of a single
fusible member or the arrangement shown in FIG. 1 or
6.

In the arrangements illustrated in FIGS. 1, 6, 10 and
11 the fusible member 14 may be contacted by the adja-
cent insulating members 10.

FIG. 12 shows another modification of the present
invention. In the arrangement illustrated, a plurality of
solid electrically insulating members 10 in the form of
flat plates are formed of a porcelain material, for exam-
ple, beryllia, alumina or the like and stacked in super-
posed relationship on one another to form therebetween
slits 12 each having a width of not greater than 1 milli-
meter. Then a plurality of fusible members 14 are dis-
posed within the respective slits 12 and sandwiched
- between the adjacent insulating members 10 with the
substantial parts of the opposite end portions thereof
equally extended from the opposite sides of the stacked
insulating members 10. The substantial part of either of
both end portions of each fusible member 14 is sand-
wiched between and intimately contacted by a pair of
oppostte electrically conductive spacers 24. The spacers
24 are substantially equal in thickness to the electrically
insulating members 10 and flush with a plane defined by
the aligned ends of the fusible members 14.

Those sides of the superposed insulating members 10
- perpendicular to the plane of FIG. 12 abut against lat-
eral plates (not shown) respectively and a pair of spaced
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26.

8

U-shaped reinforcements 26 are disposed on the upper-
most insulating member and spacers 10 and 24 respec-
tively as viewed in FIG. 12 so that both legs of the “U”
sandwich the abovementioned lateral plates and a stack
of fusible members 14 alternating the aligned spacers
and electrically insulating members 24 and 10 respec-
tively. Similarly, another pair of spaced U-shaped rein-

forcement 26 are disposed on the lowermost insulating
member and spacers 10 and 24 respectively as viewed in

FIG. 12 so that both legs of the “U” sandwich the
laterial plates and the stack therebetween. Thus the
upper and lower reinforcements 26 sandwich the stack
therebetween while holding the lateral plates in place.
Then a plurality of bolts 20 (only two of which are
illustrated) loosely extend through the spacers 24, those
portions of the fusible members 14 sandwiched therebe-
tween and the reinforcements 26 on both ends of the
stack as above described to form the stack into a unitary
structure with fastening nuts 22 screw threaded onto
the bolts 20 to be fastened on the upper reinforcement

- Then the stack formed into the unitary structure 1S
disposed in place within an enclosed housmg 28 of an
electrically insulating material while a pair of terminals
16 and 18 are connected at one end to suitable ones of
the conductive spacers 24 on both sides of the stack, in
this case, the central spacers respectively and extended
and sealed through bilateral walls of the housing 28 to
be exposed to the atmosphere.

The housmg 28 serves to prevent the fusible members
from coming in contact with the atmosphere and also to
prevent light, sound, gases etc. produced upon limiting
and interrupting a current from leaking externally.

It is noted that the arrangement of FIG. 12 does not
easilly undergo deterioration caused from the heat cy-
cles attendant upon the fusible members having the flow
of current therethrough alternating with no flow of
current. This is because the fusible members 14 are
sandwiched between the adjacent solid electrically in-
sulating members 10 and maintained in pressurized
contact relationship with the latter through the sets of
bolts and nuts 20 and 22 respectively. |

It will readily be understood that the arrangement of
FIG. 12 is identical in operation to that shown in FIG.
1 but it is noted that the same has the advantages result-
ing from-its mechanical structure which will now be
described with reference to FIG. 13 wherein there is
illustrated schematically, in an enlarged scale, six elec-
trically insulating members 10 superposed on one an-
other to form five slits 12 therebetween and sandwiched
between the upper and lower reinforcements 26.

In FIG. 13 it is assumed that P1, P2, P3, P4 and P5
designate pressures within the respective slits 12 and
that those pressures apply forces Fla, F1b, F2a, F2b,
F3a, F3b, F4a, F4b, FSa and F5b to the associated insu-
lating members 10 in the directions of the arrows shown
in FIG. 13 respectively. Since the fusible members 14 of
the same shape are disposed within the respective slits
12, the pressures P1 through P3S are equal to a pressure

60 ‘P. Accordingly, the forces Flg, through F5a and F1b

65

through F5§b are equal to a force F. Further the forces
F1b, F2b, F3b and F4b balance out the forces F2a, Fia,

‘F4a and F5a respectively. As a result, the upper and

lower reinforcements 26 receive the forces F1a and F5b
respectively, both forces being equal to the force F.
On the other hand, it is assumed that the stack of six
msulatmg members 10 alternatlng with the fusible mem-
bers 14 in the arrangement of FIG. 13 is replaced by a
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single fusible member disposed between a pair of oppo-

site electrically insulating members, and that each mem-

ber has a cross dimension insulating members, and that
each member has a cross dimension equal to five times

10

- engaging the lower terminal 18 through an electrically

that of the corresponding member in the arrangement of 5

FIG. 13. Then the balancing effect as above described is
not exhibited. As a result, the respective reinforcements
undergo a force of SF. Thus the stacked structure such
as shown in FIG. 13 permits the alleviation of the forces
“applied to those reinforcements. This results in the ad-
vantages that the reinforcements are not required to be
as high in mechanical strength and therefore can be

increasingly compact.
The arrangement illustrated in F IG. 14 1s different

: from that shown in FIG. 12 only in that in FIG. 14, the
conductive spacers 24 alternating with the fusible mem-
bers 14 on each of the lateral sides of the stack form one

10

15

‘portion of the lateral walls of the housing 28 and the
spacers 24 have heat dissipation fins 30 disposed in

contact relationship between the same and the end por-
tions of the adjacent fusible members 14 except for
those spacers 24 connected directly to the terminal 16
or 18 and also connected indirectly to the latter through
the mating fusible members 14. Accordingly, the heat
dissipation fins 30 extend externally from the enclosed

20

25

housing 28 to dissipate efficiently heat generated in the

fusible members 14 to the exterior of the housing 28.
The arrangement illustrated in FIG. 15 is substan-
tially similar to that shown in FIG. 12 except for the
“electrical interconnection of a plurality of fusible mem-
bers. In the arrangement illustrated a plurality, in this
case, five of solid electrically insulating members 10 in
the form of flat plates are stacked on one another to

form four slits 12 within which flat fusible members of

identical shape are disposed to be aligned on the edges
-with one another.

A pair of L-shaped cross sectional terminals 16 and 18
include shorter legs of the “U’’s engaging one edge
portion of the uppermost and lowermost fusible mem-
bers 14-1 and 14-4 as viewed in FIG. 15 on the same side
respectively and longer legs thereof running in parallel
to the fusible members and in the same direction to
extend somewhat beyond the fusible- members thereby
to embrace the uppermost and lowermost insulating
member 10 as viewed in FIG. 15 respectively.
~ That surface of the uppermost or lowermost fusible
- member 14-1 or 14-4 remote from the terminal 16 or 18
and the associated insulating member 10 is engaged on
the opposite edge portions by a pair of electrically con-
ductive spacers 24-1 and 24-2 or 24-4 and 24-5 respec-
tively. The pair of spacers 24-1 and 24-2 or 24-4 and
24-5 also engage both edge portions of the intermediate
fusible members 14-2 or 14-3. Then a middle spacer 24-3
similar to those spacers has the fusible members 14-2
and 14-3 sandwiched between the same and the spacer
24-2 and between the same and the spacer 24-5 respec-
tively. Then the electrleally insulating member 10 is
connected across each pair of the spacers 24-1 and 24-2
or 24-4 and 24-5 and the middle insulating member 10 is
connected to the spacer 24-3 to complete a stack.

The stack is united into a unitary structure by having
at least one bolt 20 extending through each of that edge
portion of the stack including the shorter legs of the
L-shaped terminals 16 and 18 and the opposite edge
- portion thereinto and a fastening nut 22 screw threaded
thereon. In order to electrically insulate the bolts 20 and
the nuts 22 from the stack, each bolt 20 extends through
an electrically insulating sleeve 32 and has its head
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insulating washer 34 while each nut 22 also engages the
upper terminal 16 through another electrically 1nsulat-
ing washer 34 as shown in FIG. 15.

In the arrangement of FIG. 15, the fusible members
14-1 and 14-2 are connected in parallel to each other
through the conductive spacers 24-1 and 24-2 and fur-
ther in series to a parallel combination of the fusible
members 14-3 and 14-4 through the conductive spacer
24-3. The spacers 24-4 and 24-5 serve to connect the
fusible member 14-3 in parallel to the fusible member
14-4.

From the foregoing it is seen that the pair of fusible
members 14-1 and 14-2 or 14-3 and 14-4 are connected
in parallel circuit relationship resulting in an increase in
current capacity. Also one parallel combination of two
fusible members is connected in series to the other par-

‘allel combination of two fusible members to permit the

arrangement of FIG. 15 to be connected to a higher
voltage circuit. Further the conductive spacer is effec-
tive for dissipating rapidly heat generated in the associ-
ated fusible member. Accordingly, by sandwiching the
end portion of each fusible member between the two
conductive spacers or between the shorter leg of the
U-shaped terminal and the conductive spacer, heat gen-
erated in the fusible members is rapidly dissipated.

- Also, as the fusible member can increase in length to
cause the resulting fuse to withstand a high voltage,
high voltage current limiting fuses may include the
plurality of fusible members serially interconnected
such-as shown in FIG. 186.

In the arrangement illustrated in FIG. 16 a plurality
of electrically insulating members 10 similar to the mid-
dle insulating member 10 as shown in FIG. § alternate
with fusible members 14 to form a stack with a pair of
L-shaped cross sectional terminals 16 and 18 including
shorter legs engaging the adjacent fusible members 14
on the opposite edges and longer legs directed in the
opposite directions. The insulating members 10 longitu-
dinally stagger one another and alternating ones thereof

‘have one end reaching one edge of the stack while the

remaining members have one end reaching the other
edge thereof. Each of the insulating members 10 has the
other end connected to an electrically conductive
spacer 24 terminating at either one of the oppostte edges
of the stack or the shorter legs of the L-shaped terminal.
Each of the conductive spacers 24 is sandwiched be-
tween the adjacent fusible members 14 to interconnect
serially all the fusible members 14 in a serpentine man-
ner across the terminals 16 and 18.

Each of the fusible members 14 includes both end
portions extending beyond both the opposite edges of
the stack to form heat dissipation fins. This measure
causes the rapid dissipation of heat generated in the
fusible members resulting in an increase in current ca-
pacity. Particularly, when a current continuously flows
through the fusible members, a temperature distribution
on the fusible members become desirable.

Further, when the adjacent fusible members are
blown out to strike electric arcs, the resulting pressures
offset each other because the fusible members are inter-
connected in serpentine manner. Therefore, a housing
for enclosing the arrangement of FIG. 16 therein is not
required to be particularly strongly constructed.

In still another modification of the present invention
illustrated in FIGS. 17 and 18 a solid electrically insulat-
ing member 10 of rectangular cross section is centrally
disposed within a box-shaped enclosed housing 28, in
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this case, a fuse cylinder, and a strip-shaped fusible
member 14 or fuse element extends through a slit 12
centrally formed in the insulating member 10 and hav-
ing a width of 1 millimeter or less until both ends

thereof protrude slightly beyond the opposite sides of 5

the insulating member 10. A pair of rectangular plate-
shaped terminals 16 and 18 are extended and sealed
through opposite lateral walls of the housing 28 length-
wise of the slit 12 to be electrically connected at the
opposite ends to the fusible member 14.

Further a space left in the housing 28 is filled with an
amount of granulated electrically insulating material 36
such as silica sand including a multitude of minute inter-

10

stices formed among granules thereof. Thus the mate-

rial 36 has the function of forming minute interstices.

Upon the occurrence of an electric arc on the fusible
member 14 due to a flow of overcurrent therethrough,
the electric arc 1s confined in the slit 12 formed in the
insulating member 10 resulting in the restriction of its
cross sectional area. At the same time, the arc is cooled
by the insulating member 10 to greatly increases in arc
resistance. Thus the excellent current limiting perfor-
mance can be exhibited.

Also vapors evolved with the electric arc fill one slit
in the insulating member to present a high pressure
before the slit. Those high pressure vapors are dis-
charged in the directions of the arrows shown in FIG.
17 through the slit and then scattered into the minute
interstices in the insulating material 36 to be cooled by
the material 36 until they are condensed. This results in

a decrease in pressure born upon the internal surface of

the housing 28 and also in a reduction in temperature on
that surface.

It 1s to be noted that the granulated insulating mate-
rial 36 filled within the housing 28 does not directly
contribute to the current limiting performance and
functions to alleviate both the temperature and pressure
on the internal surface of the housing 28 to the last. This
permits the type, grain size, filling rate etc. of the granu-
lated electrically insulating material 36 to be selected
over extremely wide ranges with degrees of freedom
and without the necessity of following the critical pre-
scriptions required for conventional current limiting
fuses comprising the fusible member spanned in silica
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sand. For example, the grain size may range from an 45
extremely fine particle size such as the particle size of

very finely pulverized powders to a coarse grain size
corresponding to mesh No. 5. Granulated electrically
insulating material consisting of coarse grains are effec-
tive for lowering the temperature and pressure on the
internal surface of the housing because they are good in
permeability and excellent in both the scattering and
cooling of vapors.

Suitable examples of the granulated electrically insu-
lating material involve, in addition to silica sand, mag-
nesia, alumina and mixtures thereof.

From the foregoing it is seen that, by disposing a
fusible member in a slit formed in an electrically insulat-
ing member and charging an amount of a granulated
electrically insulating material around the electrically
insulating member to form a multitude of minute inter-
stice around the latter, vapors evolved with an electric
arc struck on the fusible member can be scattered into
the minute interstices within the granulated insulating
materials to be cooled. Thereby both pressure and tem-
perature to which the housing internal surface is ex-
posed or decreased without the current limiting perfor-
mance deteriorated. Accordingly current limiting fuses
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can be provided which are disposed in the housing not
required to be of a structure capable of w1thstand1ng
high pressures.

FIGS. 19 and 20 show a dlfferent modification of the
present invention. In the arrangement illustrated, an
electrically insulating member 10 in the form of a thick
rectangular strip includes a longitudinal slit 12 having a
width of not greater than 1 millimeter, and a space 38
communicating with the slit 12 through each end
thereof and running longitudinally of the insulating
member 10. As shown in FIGS. 19 and 20, the space 38
is substantially equal in cross dimension to and larger in
width or height than the slit 12. Disposed in the slit 12
is a fusible member 14 shown in FIG. 19 as mcludlng a
pair of oppomte notches 14b. |

Then a pair of terminals 16 and 18 are burried in the
insulating member 10 so as to be connected at one end
to the opposite ends of the fusible member 14 and run
transversely of the insulating member 10 until the other
end portions thereof protrude from the insulating mem-

ber 10.

Thus the insulating member per se forms a housing
for enclosing hermetically the slit 12.

As in the arrangement shown in FIGS. 17 and 18, an
electric arc due to the blowout of the fusible member 14
is confined in the slit 12 resulting in the restriction of its
cross sectional area. At the same time, the arc is cooled
by the insulating member 10 resulting in the excellent
current limiting performance.

Also metallic vapors evolved upon the occurrence of
the electric arc fills the slit 12 to increase a pressure
within the latter. However, those vapor under an in-
creased pressure are scattered into both spaces 38 as
shown at the arrows in FIG. 20 to be cooled and con-
densed within those spaces 38. Thus the pressure within
the slit 12 is alleviated. |

The arrangement illustrated in FIGS. 21 and 22 is
different from that shown in FIGS. 19 and 20 only in
that in FIGS. 21 and 22, a plurality of spaces 38 are
disposed at substantially equal intervals in a direction

substantially perpendicular to the longitudinal axis of

the fusible member 14 to cross the slit 12. Further, the
terminals 16 and 18 are electrically connected in oppo-
site relationship to both ends of the fusible member 14
and protrude from the opposite end surfaces of the
insulating member 10.

It will readily be understood that the number and
positions of the spaces 38 may be selected at will. Also
that portion of the insulating member 10 in which the
spaces 38 are disposed may partly decrease in mechani-
cal strength. In this measure that portion decreased in
mechanical strength of the insulating member 10 is
broken upon the pressure within the spaces 38 reaching
a predetermined magnitude. This results in spaces 38
communicating with the atmosphere. Therefore, the
pressure within the slit can be more positively de-
creased. |

The arrangement illustrated in FIG. 23 is different

-from that shown in FIGS. 19 and 20 only in that in FIG.

23 a plurality of sets of combinations of the intercon-
nected slit and spaces 12 and 38 respectively are dis-
posed at predetermined equal intervals in the direction
of width of the slit 12 within the insulating member 10
to superpose one another. Then the terminals 16 and 18
are electrically connected to both ends of all the fusible
members 14 each disposed Wlthln a different one of the

slits 12.
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The arrangement of FIG. 23 can sharply increase in
current capac:ty because all the fusible members 14 are

interconnected in parallel circuit relationship through

the terminals 16 and 18.

In another modification of the present invention illus-
- trated in FIG. 24 a plurality of arc-extinguishing, elec-
trically insulating members 10 are superposed on one
another to form slits 12 between pairs of adjacent insu-
lating members 10 and a flat fusible member 14 extends
through each slit 12 to form a stack including the insu-
lating members alternating in contact relationship with
‘the fusible members 14. Each of the fusible members 14
includes both end portions protruding beyond the oppo-
site sides of the stack. A plurality of sets of bolt 20 and
nut 22 (only one of which is illustrated) are used to form
the stack into a unitary structure rigidly secured to a
supporting plate 40 of an electncally insulating material.
Also each of the same bolts 20 is ope:ratlvely associated
with another nut 22 to hold rigidly a pair of terminal
blocks or electrodes 16 and. 18 between.the supporting
plate 40 and a similar plate 42 substantially parallel to
the plate 40 so that the terminal blocks 16 and 18 are
‘opposite to each other and spaced and equidistant from
the adjacent sides of the stack 10-14. B

Then both ends of each fusible member 14 are con-
nected to the respective terminal blocks 16 and 18 so

that the connection of either end of each fusible member .

- to the mating terminal block is not flush nor in line with
a virtual plane including the associated slit 12. In the
example illustrated each fusible member 14 is connected
across the terminal blocks 16 and 18 on those portions
higher in level than the associated slit 12 while end
portions of the fusible member 14 located between the
terminal blocks and the stack are downward slackened
or flexed as shown at solid line designated by the refer-
ence numeral 14 in FIG. 24.

To this end, the terminal blocks 16 and 18 are pro-
vided on those surfaces facing the stack with pairs of
opposite grooves or concave portions 44 and 46 higher
in level than the associated slits 12 by predetermined
heights with one pair for each slit 12. Each groove 44 or
46 1s divergent to be directed toward the exposed end of
the associated slit 12. Then both ends of each fusible
- member 14 is connected to the associated pair of diver-
gent grooves 44 and 46 as near to respective bottoms 48
and 50 thereof as possible as shown at solid line desig-
nated by the reference numeral 14.

Alternatively, the divergent groove 44 or 46 may be
replaced by a round protrusion or convex portmn 52 or
54 respectively having its apex corresponding in posi-
tion to the bottom 48 or 50 of the groove 44 or 46, as
shown in FIG. 25. Then both ends of each fusible mem-
ber 14 is connected to the apices of the associated oppo-
site protrusions 52 and 54.

In the arrangements shown in FIGS. 24 and 25, an
electric arc due to a flow of overcurrent through the
fusible member has its cross sectional area restricted as
in the arrangements as above described while the arc-
extinguishing insulating member 10 is exposed to the
electric arc to evolve gases which perform the arc ex-
tinguishing 0perati0n As a result, a very high arc volt-
age 1s generated to increase further the current limiting
performance.

Also a current flows through the fusible member 14
to slacken further the later due to the thermal expansion
thereof as shown at broken line designated by the refer-
ence numeral 14'. This results in a decrease in thermal
stress developed on each fusible member 14. Accord-
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ingly, these arrangements can sharply increase in reli-
ability concerning the heat cycle.

While the present invention has been 1llustrated and
described in conjunction with several preferred em-
bodiments thereof it is to be understood that numerous
changes and modifications may be resorted to without
departing from the spirit and scope of the present inven-
tion. For example, the present invention has been de-
scribed in conjunction with the fusible member in the
form of a flat strip except for special cases and with the
enclosed slit for the fusible member but it is to be under-
stood that it is equally applicable to wire-shaped and
notched fusible members and slits partly exposed to the

atmosphere. Further the heat dissipation fins may be
disposed separately from the fusible members.

‘What we claim is:
1. A slit type current limiting fuse comprising a plu-
rality .of solid electrically insulating members stacked

on one another, a plurality of slits formed in superposed
relationship of said solid electrically insulating mem-

bers, and a fusible member disposed within each of said
slits to be responsive to a flow of overcurrent there-
through to be blown out, all said fusible members being
electrically interconnected in parallel circuit relation-
ship and said fusible members having respective por-
tions extending beyond said insulating members to de-
fine heat dissipation fins.

2. A slit type current limiting fuse comprising a plu-
rality of solid electrically insulating members stacked
on one another to form a plurality of slits therebetween,
a fusible member disposed within each of said slits to be
responsive to a flow of overcurrent therethrough to be
blown out, and means for electrically interconnecting
said fusible members in series or series-paral]el circuit
relationship to define a serpentine or zigzag current
path through said fusible members.

3. A slit type current limiting fuse comprising a solid
electrically insulating member, a plurality of superposed
slits formed in said solid electrically insulating member
at predetermined intervals, a fusible member disposed
within each of said slits to be responsive to a flow of
overcurrent therethrough to be blown out, and at least
one space within said insulating member in communica-
tion with said slits and extending substantially perpen-
dicular to the longitudinal axes of said fusible members.

4. A slit type current limiting fuse as claimed in claim
3, wherein said insulating member is constructed to
fracture when a pressure within said space exceeds a
predetermined value to place said space in communica-
tion with the ambient atmosphere.

S. A slit-type current limiting fuse comprising a solid
arc-extinguishing, electrically insulating member, a slit
formed of said solid electrically insulating member, a
fusible member disposed within said slit, and a pair of
electrodes connected to said fusible member wherein a
surface defining said slit is arranged not to be in line
with a surface including the connection of said elec-
trodes to said fusible member.

6. a slit type current limiting fuse as claimed in claim
S wherein said fusible member is connected to each of
sald electrodes while each end portion of said fusible
member is connected to the mating electrode to slacken
sald fusible member. |

7. A shit type current limiting fuse, comprising: a solid
arc-extinguishing electrically insulating member having
a slit formed therethrough; a fusible member disposed
within the slit and having a pair of end portions extend-
ing from opposite sides of the slit; and a pair of elec-
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trodes disposed on opposite sides of the slit and each
connected to a respective end portion of said fusible
member which extend from the sht, wherein each of
said electrodes includes means for connecting to the

respective end portion of said fusible member and for
holding the respective end portion of said fusible mem-
ber in a flexed condition and not in line with the slit.

8. A slit type current limiting fuse, comprising: a

plurality of solid electrically insulating members super-
posed on one another to define therebetween a plurality
of superposed slits; means for connecting said plurality
of electrically insulating members in a unitary structure;
a plurality of fusible members each disposed within a
respective one of the slits and each having an end por-
tion extending from its respective slit, said fusible mem-
bers being responsive to an overcurrent therethrough
for blowing out to terminate the current therethrough;
an electrode connected to ends of said fusible members
extending from said slits, said electrode including means
for connecting to the end portion of each of said fusible
members which extend from the respective slits and for
holding each said end portion which extends from a slit
in a flexed condition and not in line with the respective
slit; and means including said electrode for electrically
connecting all of said fusible members in parallel.

10

16

9. A slit type current limiting fuse comprlsmg a plu-
rality of solid electrically insulating members super-

posed on one another to form a plurality of superposed
slits therebetween, means for connecting said insulating

members to form a unitary structure, a fusible member

disposed within each of satd slits to be responsive to a

flow of overcurrent therethrough to be blown out, an
electrode, each of said fusible members being connected
at either end to said electrode so that the point of con-

nection of said electrode to each fusible member does
not lie within an imaginary surface which includes the

slit associated with each fusible member, and means for
electrically connecting all said fusible members in paral-

- lel relationship through end thereof.
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10. A slit type current limiting fuse as claimed in
claim 8 or 9 wherein said electrode includes a plurality
of convex protrusions protruding lengthwise of said

fusible members one for each slit and each of said fusible
“members is connected to sald electrode on the associ-

ated convex protrusion.

11. A sht type current limiting fuse as clalmed in
claim 8 or 9 wherein said electrode includes a plurality
of concave recesses depressed lengthwise of said fusible
members one for each slit and each of said fusible mem-
bers is connected to said electrode on the associated

concave reccess. |
| k% ok k%
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